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Fig. 15.1 Transition characteristics for low-strength steel with high shelf fracture tough¬ 
ness. CAT, crack arrest temperature; NDT, nil ductility transition temperature; DT, 
dynamic tear; FTE, fracture transition elastic point. (Adapted from Ref. 87.) 


tiation of the elastic fracture in the presence of a dynamically loaded small crack. 
As the temperature is increased above the NDT, we reach the point called FTE 
(fracture transition elastic). This point defines the highest possible temperature 
for unstable crack propagation driven by the elastic stress. The shaded portion 
of the diagram, then, represents unstable fracture conditions. To the right of the 
crack arrest temperature or dynamic tear curve, the material is stable and will not 
propagate the crack. The diagram also shows a superimposed yield stress curve, 
indicating a small downward trend with the increase in temperature. To the left of 
the dashed vertical line is the region of highly brittle flat fracture. The CAT and 
DT curves have distinct S shapes. The horizontal branches of the curve are called 
the lower and upper shelves of fracture toughness for the left and right portions 
of the curve, respectively. The material characterized in Fig. 15.1 indicates a rela¬ 
tively high-shelf fracture toughness. The types of fracture expected all along the S 
curve are shown to the right of the solid curve. 

The brittle failure is reflected in a flat fracture, indicating a condition of plane 
strain. On the other hand, a plastic shear-type failure is characteristic of plane 
stress behavior. The condition of plane strain exists when the elastic portion of 
the structure envelops and maintains in equilibrium a smaller volume of localized 
plastic flow. In other words, the elastic part provides a triaxial constraint to plastic 
flow. This can also be explained in terms of the degree of through-toughness lateral 
contraction which is developed during the course of testing a dynamic tear sample. 
In the event of plane strain, this contraction is very small. Hence, in the case of 
plane stress the flow of metal during the test must be less restricted and considerable 
notch blunting should be expected to occur. The plane stress fracture, therefore, 
must be associated with a rather high energy absorption in ductile response, because 
a relatively large plastic zone is being formed continuously ahead of the propagating 
crack. 



